We present a microfiber-lithium niobate on insulator hybrid waveguide for efficient second-order nonlinear processes. The structure combines advantages of low-loss fiber and highnonlinearity waveguides, and allows phase matching in a wide spectral and dimensional range. Thanks to the exceptionally weak absorption in the near infrared wavelength range, optical fibers represent the outstanding platform for nonlinear optics. To create an effective second order polarization, otherwise strictly zero in bulk silica glass, periodic poling of fibers is commonly used. In combination with the Quasi-Phase Matching (QPM), this allows to achieve high efficiency of second harmonic generation (SHG) [1] and parametric down-conversion [2] in fibers. However, to achieve the required efficiency of second-order nonlinear processes in periodically poled fibers, one needs to use large propagation distances, typically of the order of few dozens of centimeters [1] . This poses serious limitations to miniaturization of such nonlinear functionalities, and undermines their potential on-chip integration.
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On the contrary, F 2 -crystals such as lithium niobate (LiNbO 3 , LN) offer inherently strong second-order nonlinear response. As the result, efficient nonlinear effects are observed in F 2 -crystal waveguides over propagation distances as short as few millimeters [3, 4] . Recent developments in production and nano-structuring of LN thin film (LiNbO 3 on Insulator, LNOI) have led to the advancement of compact high-contrast on-chip devices [5] . Waveguide is the fundamental structure in these devices. However, propagation losses of the LNOI waveguides are at appreciable level of few dB/cm, and when the waveguide cross-sectional dimensions are reduced below 1 Pm, the losses rise even further to the levels of ~10 dB/cm [5] . Periodic poling of such waveguides, required for QPM, also proves to be a challenging task. Furthermore, while the period of the poling is fixed for a particular pump wavelength, this leaves no room for adjustments of individual waveguides integrated in a circuit. In this work we introduce a MF-LNOI hybrid waveguide which features the combination of a strong secondorder nonlinearity, and tunability in a wide range of wavelengths and geometrical sizes. The structure represents a free-standing X-cut LNOI waveguide with the dimension of H W L attached to a side of a microfiber (MF) with the diameter D, see Fig. 1 . Van der Waals attraction keeps together the two parts at their relatively symmetric position. When necessary, the whole structure can also be detached and reassembled at other positions along the microfiber. In experiment, by using focused ion beam milling followed by HF etching, we have fabricated very good quality waveguides with the width of 480 nm and the length of 200 Pm on a 300 nm thick LNOI wafer [see Fig.  1(b) ]. A micrometer-scale adiabatically tapered optical fiber can also be precisely positioned on the top of the waveguide. Note that, in the whole fabrication and assembling process, there is no chemical treatment applied to the microfiber, ensuring a contamination-free fiber optic route.
When the fiber diameter and the waveguide transverse dimensions are comparable to the operating wavelengths, hybridization of the fiber and the waveguide modes occurs. In this regime, a significant fraction of power in each mode enters into the LN part of the structure, thus creating a scope for potentially strong second-order nonlinear interactions. In Fig. 2 we demonstrate the possibility of phase matching between the fundamental HE 11 -like mode (HE 11 mode in MF + TE 00 mode in LNOI) at the pump wavelength and the higher order TE 01 -like mode (TE 01 mode in MF + TE 01 mode in LNOI) at the second harmonic wavelength within a relatively wide range of geometrical parameters and pump wavelength. . This gives the normalized efficiency of SHG in such a miniature structure
, which is comparable to the best efficiencies achieved to date in other geometries of much larger scale. With the adoption of a modified design of LNOI wafer, this efficiency can further be increased by at least two orders of magnitude [6] .
To summarize, we propose a hybrid MF-LNOI waveguide suitable for efficient second-order nonlinear processes at the miniature micrometer scale. The main advantages of this structure are: 1) low in-and out-coupling losses due to smooth integration with conventional fibers; 2) strong second-order nonlinearity over short propagation distance; 3) two geometrical parameters to adjust independently phase matching and nonlinearity for the desired pump wavelength within a wide spectral range; 4) soft Van der Waals bonding between two parts of hybrid waveguide to allow reconfiguration of optical functionality.
